Moringa oleifera is a medicinal plant widely used in many parts of the world for hypertension, pain and epilepsy. The aim of this study was to determine the effect of M. oleifera aqueous leaf extract on motor and behavioral activities of healthy mice. Male mice were randomly divided into a control group (given 0.9% NaCl orally) and three groups treated with the extract at doses of 100, 200, and 400 mg/kg/day for 14 consecutive days. Motor and behavioral activity were evaluated by quantifying motor activity, exploration (hole-board), neuro-muscular coordination (rota rod treadmill), pain (hot plate, cold-water tail flick, and acetic acid-induced abdominal constriction), and depression (forced swimming test, FST). Administration of M. oleifera extract had a significant and dosedependent antinociceptive action in both thermal and chemical tests (p < 0.05). The extract (400 mg/kg) caused a reduction in exploration activity and neuromuscular coordination, and decreased the mobility time in the FST, suggesting an antidepressant-like action. Motor activity was not significantly affected by any of the doses used. The results suggest that the plant aqueous extract may have a dose-dependent central nervous system (CNS) depressant action. 
M. oleifera is known to act on the central nervous system (CNS) and cause an anti-convulsant action. Such activity is due to its action on a central mechanism, which is involved in the release of γ-amino butyric acid (GABA). Therefore, it has been used traditionally for the treatment of epilepsy [4a] . M. oleifera has protective effects against degenerative and chronic neuronal diseases like Alzheimer's disease [4b] . It has enhanced effects on memory as it works on the neurons in the hippocampus [3k] . It also possesses an induction effect on differentiation of myeloid cells and photoreceptors and promotes the development of neurons in the hippocampus [4c] . The plant also induced sleeping time prolongation by increasing the serum level of serotonin (5-HT), which has a crucial role in the activation of the reticular-activating system that is important for the sleep mechanism [4d]. The plant also induces a sedative-hypnotic activity [4a] and causes CNS depression in a dose-dependent manner in mice [4e] .
M. oleifera extract is commonly used for therapeutic purposes [5] , and various scientific reports have been published for these uses. However, only a few have been recorded so far on the neuropharmacological profile of M. oleifera. Therefore, we used three graded doses of the plant leaf extract to study the motor and behavioral changes produced in healthy mice, in an attempt to explain, experimentally, the action of this folk medicinal plant in terms of conventional behavioral pharmacological methods.
Treatments with M. oleifera aqueous leaf extract did not show any significant difference in the body weights of the mice. Only the control group showed a significant (p < 0.05) increase by the end of the experiment (Figure 1 ). Using the activity cage meter, there was no significant change in the horizontal and vertical movements between the control and three treated groups (Data not shown).
In the hole-board test, a significant decrease (p < 0.05) was observed by the end of the treatment in the exploration activity of the mice that were treated with the highest dose of M. oleifera leaf extract (400 mg/kg). The two lower doses were ineffective in altering the exploratory activity of the mice compared with that of either the control or their initial activity (Figure 2 ).
For the control mice, there was a significant increase (p < 0.0005) in the duration to remain on the treadmill with time. However, there was no significant change for the treated groups with time, although there was a significant difference (p < 0.05) between the control group and the 400 mg/kg treated group on the 8 th and 15 th days. The results are shown in Figure 3 .
In the hot plate test, the animals treated with the highest dose of M. oleifera extract (400 mg/kg) were able to withstand heat for a longer period, which was significantly different (p < 0.005) from that of the control by the end of the experiment. There also appeared to be an increase in the pain-bearing time for the 200 mg/kg treated group, but the change was not significant (Figure 4a ). In the coldwater tail flick test, there was a significant increase with time in the nociception time for animals treated with 200 and 400 mg/kg of M. oleifera extract (p < 0.005 and < 0.0001, respectively). Also, on the 15 th day there were significant differences between all the groups, with the control animals having the least pain-bearing ability and the mice that had received the highest dose of extract with the maximum (Figure 4b ). In the abdominal contraction (writhing) test, both the medium and highest dosed mice showed significant differences (p < 0.01 and P < 0.0005, respectively) in the number of contractions when compared with their results on day one. Moreover, all the groups were significantly different from each other on day 15, similar to that of the above result ( Figure 4c ).
The results in the forced swimming test (FST) showed a significant decrease with time in the mobility time of the groups treated with the medium and highest doses of the extract (p < 0.05 and < 0.0001, respectively). On the last day, there was a significant decrease (p < 0.0001) in the mobility time of the 400 mg/kg treated group and that of the control, as well as between the groups treated with 100 and 400 mg/kg of the plant extract (p < 0.001) ( Figure 5 ). M. oleifera is widely used as a medicinal plant, but few studies on its neuro-pharmacological profile have been reported [3k,n, 4, 6]. Thus, an established set of motor and behavioral tests was used in order to see if the administration of this plant leaf extract would cause any motor and/or behavioral changes in healthy mice. The validity of these tests has been documented from different aspects and confirmed to be relevant to clinical situations [6] .
In this study, special care was given to the housing conditions for the mice as it is known that these have significant effects on both motor and behavioral aspects [7] . The weights of the mice were measured daily throughout the experiment (14 days). The control group showed a significant increase with time. However, the final body weight of the control showed no significant difference from that of the three treated groups. The treated groups showed no significant difference in body weights with time. The stabilizing effect of the plant extract on the body weights of mice may suggest its possible beneficial use in weight loss and weight management. It has been recorded that M. oleifera possesses anti-dyslipidemic activities, which have been confirmed using plant extracts as well as leaf powders in animal studies [8] .
We studied the motor activity changes in the mice using the activity cage test. In this, both horizontal and vertical movements were recorded. There were no significant changes between either the different groups or the same group. The exploration activity of mice is commonly assessed by nose-poking [9] . In our experiment, the results showed no significant difference between the different groups. However there was a significant decrease in the number of dips for the treated group (400 mg/kg) in comparison with its initial value. This indicates less exploratory activity by the treated group, which suggests that there is a decrease in the level of excitability of the central nervous system (CNS) [10a,b] and a possible cause for CNS depression, which may attract the mice more towards novelty (neophilia) [11] . Neuromuscular co-ordinations were studied using the rota rod treadmill test. With time, the control group was able to remain longer on the treadmill, whereas the treated groups did not show any change. This result strengthens the fact that M. oleifera depresses central nervous system activity via its positive modulation of the action of the GABA inhibitory neurotransmitter [4].
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The thermal anti-nociceptive property was tested using the hot plate and cold-water tail flick tests, while the chemical anti-nociceptive property was tested by the acetic acid-induced writhing test. In the thermal nociceptive tests, the results show a high degree of similarity. Administration of the plant extract was found to increase the time of withstanding the pain by the mice in the treated groups in a dose dependent manner. In the case of the chemical nociception test, the treated groups showed a reduction in the number of abdominal contractions and stretching of the hind limb due to acetic acid injection, also in a dose dependent manner. These results support a previously published report that M. oleifera leaf extract possesses an analgesic action [12] . Depression-like behavior was tested using the forced swimming test, the results of which showed a significant decrease in total mobility time between the treated groups, in a dose dependent manner. Stress-precipitated behaviors are assessed normally to evaluate the depression in most cases of treated models. Add to that a reduction in the total mobility time means an increase in the total immobility time. Immobility is a posture/state that reflects conditions of despair and hopelessness [13] , which reflect depression. A previous study showed that drugs with anti-depressant activity lead to a decrease in immobility time; immobility and depression were assumed to go hand-in-hand [13b].
In conclusion, the results of the current study suggest that aqueous M. oleifera leaf extract can cause a dose-dependent reduction in CNS activities, which is reflected in the depressed motor exploratory activity of the mice by decreasing the level of excitability of the CNS. Further research targeting the neuropharmacological effects of this plant is warranted. Determination of the constituents responsible for the activity is also required.
Experimental

Animals:
Male albino mice (n = 96), aged 4-5 weeks, and weighing 20-35 g, were obtained from the Small Animal House of Sultan Qaboos University (SQU). They were housed, 6 to a cage to reduce stress, in polypropylene cages, and given a standard nutritionally adequate laboratory chow diet (Oman Flour Mills, Muscat, Oman) and tap water ad libitum, at ambient temperature of 22 ± 2°C, humidity 60% and a 12 h light: dark cycle (light on at 6.00 a m). The mice were acclimated to their housing for 7 days before the start of the study, which was approved by the SQU Animal Ethical Committee, and conducted according to international laws and policies (EEC Council directives 86/609, OJL 358, 1 December 1987; NIH Guide for care and Use of Laboratory Animals, NIH Publication No. 1985) .
Preparation of M. oleifera leaf extract:
Commercially available M. oleifera leaves were obtained from Omdurman, Republic of Sudan. The leaves were authenticated by a botanist at the Department of Biology, College of Science, SQU, and a sample of the leaves was deposited at the herbarium of the college (Number CS, 2017/06). An aqueous extract of M. oleifera was prepared according to a previously reported method [13c], with some modifications. The dried leaves (15 g) were suspended in 100 mL of cold distilled water (maintained at 4°C) and vortexed vigorously for 30 s. The suspension was refrigerated for 24 h and again vortexed vigorously for 1 min at room temperature. The insoluble particles were removed from the suspension by centrifugation at 900 g for 10 min, twice. The supernatant/extract was collected using a membrane filter (0.2 µm filter) and stored at −20°C until required.
Treatments:
The animals were selected randomly and divided into 4 groups: a control group (given 0.9% saline, orally) and 3 other groups, treated orally with M. oleifera leaf extract at 3 graded doses (100, 200 and 400 mg/kg/day) for 14 consecutive days. Motor and behavioral tests were conducted on the first, 8 th and 15th day of the experiment. Body weights of the animals were recorded initially, on the days of the tests and just before the end of the experiment. All animals were finally killed by an overdose of anesthesia.
Motor and behavioral experiments:
On the first and 8 th day of treatment, the animals given either normal saline or M. olifeira leaf extract were subjected to all motor and behavioral tests, except for the abdominal contraction (writhing) test, which was conducted on the 15 th day prior to sacrifice. This was to prevent mice from acetic acid induced injury at the site of injection.
Motor activity (activity cage meter): Motor activity of the animals was measured using a digitalized activity meter (Ugo Basile, Comerio VA, Italy). The vertical and horizontal movements of the animals within a period of 15 min were recorded, but the values were excluded for the first 5 min from zero time after the animals had been placed within the activity cage [14a] .
Exploration activity (hole-board test):
An automated hole-board apparatus (Ugo Basile, Comerio VA, Italy) was used for this test. The animals were gently placed on the centre of the board and the total number of dips was digitally recorded for 10 min [14a] .
Neuromuscular coordination (rota-rod treadmill): Mice were gently placed on the Rota rod treadmill (Ugo Basile, Comerio VA, Italy) to study the neuromuscular activity. The apparatus used was subdivided into 5 segments by discs with a diameter of 24 cm. The rod, 30 cm long and 3 cm in diameter, was rotated at a fixed speed of 25 revolutions / min and the time taken by the animal to fall from the rotating rod was automatically recorded [14a] .
Thermal and chemical nociceptive tests Hot plate test:
The mice were placed in an analgesia meter (Ugo Basile, Comerio VA, Italy) having a glass cylinder with a hot metal plate set to 55 ± 0.2°C for measuring analgesia [14a] . The time taken by the mouse to jump off the hot plate or lick its paw was recorded and considered as the responding time for its reflex [14b]. The cut-off time was 15 sec to prevent possible tissue damage.
Cold-water tail flick test:
The tail of every mouse was immersed for 2-3 cm in a beaker containing cold water maintained at a temperature of 0-1°C. The time between the moment the tail was immersed and its removal from the water was calculated using a stop watch [14c]; 15 sec was considered as the minimum cut off time.
Abdominal contraction (writhing test): Mice were injected with acetic acid (0.6%, v/v, British Drug Houses, Poole, Dorset, UK) in a volume of 20 mL/kg i.p. [14d]. Contraction of abdominal muscle and stretching of hind limbs caused by abdominal constrictions induced by acetic acid were observed for 15 min after administration of the acid, and the number of contractions was counted by an experienced observer unaware of the treatments.
Depression-like behaviour (forced swimming test):
The animals were forced to swim for a total of 6 min in a cylinder (25 cm high and 19 cm in diameter) filled with water, maintained at 25 ± 1°C, to a height of 17 cm. The first 2 min were excluded and taken as a trial [14a] . The time from when the animal stops struggling and remains immobile in the water is considered as the immobility time. The total immobility time was recorded and subtracted from the total duration of 4 min to obtain the total mobility time.
Statistical analysis: Statistical analysis and comparisons were carried out using a one-way ANOVA test, followed by a multiple comparison test. The Student t-test was also conducted to obtain 92 Natural Product Communications Vol. 13 (1) 2018
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intra-group differences for the acetic acid-writhing test. All analyses were made using the statistical software package Graph Pad Prism®, Version 7, San Diego, CA, USA. The data are given as mean ± SEM. A p value less than 0.05 was considered significant.
